Objectives: Paris polyphylla var. yunnanensis (PPVY), a Chinese herb, has long been used for cancer treatment, and its steroidal saponins are suggested to exert an anti-tumor activity, however, the underlying mechanism is incompletely understood and their effect on bladder cancer (BC) remains unknown. The present study is thus designed to address these issues. Material and Methods: Total steroidal saponins were extracted with ethanol from PPVY and used to treat BC cells (HT1197 and J82 carrying mutant p53). Gene expression was determined using qPCR and immunoblotting and cell cycle analyzed using flow cytometry. DNA damage response activation was assessed using immunofluorescence staining. Results: PPVY saponins treatment led to dose-dependent declines in the number of both HT1197 and J82 cells with IC50 approximately 1.2 μg/ml, which was coupled with strong growth arrest at G2/M phase and the
Introduction
Bladder cancer (BC), derived from the urothelium, is one of the most common urological malignancies in both eastern and western countries, with a global annual Guo/Liu/Li/Cao/Sun/Cheng/Zhang/Peng/ Liu/Qi/Zhang/Wang/Chen/Lin/Guan/ Zhang/Wen/Wang/Kong/Xu/Zhao saponins in the ethanol extracts were greater than 80%, as determined using an ultraviolet-visible spectrophotometer at 406 nm with perchloric acid as chromogenic reagent.
Cell Lines and Cell Culture
BC-derived cell lines HT1197 and J82 cells were used in the present study. Cells were maintained at 37°C 95%air/5%CO 2 in RPMI 1640 medium (Thermo Fisher Scientific, Waltham, MA) containing 10% fetal calf serum, 100 units/ml penicillin, and 2 mM L-glutamine. LY294002 was purchased from Millipore Sigma (St. Louis, MO). Cells were incubated with different concentrations of PPVY saponins or LY294002 for different time periods and then harvested for further analyses.
RNA Extraction, Reverse Transcription and Quantitative PCR (qPCR)
Total cellular RNA in cells with different treatments was extracted using the Trizol (Thermal Scientics) according to the manufacturer's protocol. cDNA was synthesized using random primers (N6) (Amersham, Buckinghamshire, UK) and M-MLV reverse transcriptase. qPCR was carried out in an ABI7700 sequence detector (Applied Biosystems, Foster City, CA) using SYBR Green and specific primers. The primer pair for CD-KN1A are: 5'-GCGACTGTGATGCGCTAAT-3' (Forward) and 5'-TAGGGCTTCCTCTTGGAGAA-3' (Reverse); the primer pair for β2-microglobulin (β2-M): 5'-GAATTGCTATGTGTCT-GGGT-3' (Forward) and 5'-CATCTTCAAACCTCCATGATG-3 (Reverse). β2-M expression was used as a control for RNA loading and RT efficiency and amplified. Levels of target CDKN1A mRNA were calculated based on the CT values and normalization of human β2-M expression.
Western Blot Analysis
Proteins were extracted using RIPA Buffer (Thermo Scientific) with 1% Phenylmethanesulfonyl fluoride (Millipore Sigma) and quantified with DC Protein Assay (Bio-Rad). Thirty µg of proteins were separated in Mini-PROTEAN TGX Gels (Bio-Rad) and transferred to PVDF membranes using Trans-Blot Turbo Transfer Pack (Bio-Rad). Membranes were blocked with 5% non-fat milk diluted in TBST, and then incubated with primary antibodies and secondary antibodies prior to imaged with Clarity Max Western ECL Substrate (Bio-Rad, 1705062) and ChemiDoc MP Imaging System (Bio-Rad). Primary antibodies used were: β-actin (Millipore Sigma), p53 (Santa Cruz Biotechnology), CDKN1A (Cell Signaling Technology), AKT and pAKT (Cell Signaling Technology), 53BP1, (Bethyl Laboratories) and γ-H2AX (Millipore Sigma).
Colony Formation Assay
The cells were seeded into 6-well plates (1,000 cells/well) and incubated for 10-14 days in the presence or absence of PPVY saponins. Plates were stained with Giemsa and the number of colonies with more than 50 cells was counted.
Flow Cytometry
Cells were treated with PPVY saponins for 24 hours and then fixed with 70% ethanol at 4°C overnight and stained with RNAse A (0.5 µg)-containing Propidium Iodide (50 µg/ml). Cell cycle distribution was determined using flow cytometry with ModFit (BD Biosciences, Franklin Lakes, NJ). The results were analyzed using CellQuest software.
incidence rate of 350,000 [1, 2] . The pathogenesis of BC is a multi-step process that involves multiple genetic changes including loss of tumor suppressor genes and activation of oncogenes, and comprehensively molecular dissections of BC has significantly contributed to our understanding of the disease [1] . In spite of this, BC patients exhibit a high risk to recur, and relapsed diseases frequently lead to the treatment resistance [1, 2] . Therefore, it is a demanding task to develop a novel anti-BC strategy.
Paris polyphylla var. yunnanensis (PPVY) is a Chinese herb traditionally used for the treatment of traumatic injuries, infection, hepatopathy and many other diseases. It has been demonstrated that steroidal saponins contained in PPVY exert multiple pharmacological and biological activities [3] . In the last decade, the anti-cancer effect of Paris polyphylla has become increasingly attractive and been intensively explored. Steroidal saponin extracts derived from PPVY inhibit proliferation and survival of in vitro cultured cancer cells, and also showed in vivo therapeutic efficacy in mouse tumor models [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Mechanistically, PPVY saponins target ERK, AKT, Stat3, NF-κB, EZH2, DNMTs and other signal pathways critical to carcinogenesis [5, 9, 20] .
The anti-tumor effect of PPVY saponins has been demonstrated in different types of human malignancies [18] , however, it is currently unclear whether BC cells respond to PPVY saponin treatment. Moreover, it remains elusive how exactly PPVY achieves its anti-cancer effect. For instance, a number of studies showed a decline in phosphorylated AKT in PPVY saponin-treated cancer cells, but little is known about its importance in PPVY-mediated inhibition of cancer cell proliferation and/or survival [13, 21, 22] . In addition, poor gastrointestinal absorption of PPVY saponins may significantly limit their future clinical application [23, 24] . However, this problem may be easily avoided via intravesical instillations in BC treatment [25] . With all these in mind, we thus evaluated the effect of PPVY saponins on the growth of BC-derived cancer cells.
Materials and Methods

PPVY Saponin Extraction
The raw herb PPVY was utilized to extract saponins. Dried PPVY was extracted with 60% ethanol under reflux for 2 hours. The extract was filtered, and the extraction was repeated once. The filtrates were then combined, concentrated, and in the process of water precipitation. The extract was at 4°C for 12 hours, then filtered, precipitated, and finally dried into powder. The total Immunofluorescence Cells were treated with PPVY saponins for 24 hours. Primary antibodies against 53BP1 were added for 30 minutes at room temperature after blocking steps with background buster. The cells were then incubated with a Cy3 conjugated donkey anti-rabbit antibody (Jackson immunoresearch, West Grove). The nuclei were counterstained with DAPI. The results were analyzed with a Leica TCS SP5 microscope with filters for the detection of DAPI and Cy3.
CDKN1A Promoter Activity Assay
The CDKN1A reporter construct contains the human p21 promoter between positions −2,300 and +8 [p21 (−2,300/+8)], as described [26, 27] . Cells were transfected with the CDKN1A promoter plasmid and the luciferase activity was determined using a dual luciferase reporter assay system (Promega, Madison, WI) 48 hours post-transfection. The CDKN1A promoter-driven firefly luciferase activity was normalized to the renilla activity included in the kit.
Results
PPVY Saponin Treatment Induces the Growth Arrest and Inhibits Clonogenic Potential of BC Cells in a Dose-Dependent Manner
HT1197 and J82 cells were incubated with PPVY saponins at various concentrations (from 0.25 to 4.0 µg/ml) for 24 hours and viable cells then counted using trypan blue exclusion. Both cell lines exhibited similar dose-dependent reduction in cell numbers after their exposure to PPVY saponins. As shown in figure 1A , IC50 for these 2 lines was approximately 1.20 µg/ml, which was comparable to the effect of cisplatin, a widely used chemotherapeutic drug for BC therapy (data not shown). Because the clonogenic ability of tumors reflects their oncogenic capacity to certain extent, we further determined whether PPVY saponins inhibit the colony formation of BC cells. HT1197 and J82 cells were incubated with PPVY saponins at 0.2, 0.4 and 0.8 µg/ml, respectively, and significant reduction in colony numbers derived from these cells was already seen at 0.2 µg/ml, while their clonogenic potential was almost completely abolished at 0.8 µg/ml ( fig. 1B) . These results collectively suggest a strong inhibition of PPVY saponins on BC cell growth and clonogenic ability.
PPVY Saponins Block Cell Cycle at G2/M Phase
Having observed PPVY-mediated growth inhibition of HT1197 and J82 cells, we sought to determine how it happened. Cell cycle progression was thus analyzed and the obtained results revealed that G2/M arrest occurred in both HT1197 and J82 cells in the presence of PPVY saponins ( fig. 2A and B ): Cells at G2/M phase reached 38.5 and 53.5% for HT1197 and J82 lines, respectively, when incubated with 1.5 µg/ml PPVY saponins for 24 hours, whereas cells at G2/M were only approximately 23% for control non-treated HT1197 and J82.
PPVY Saponins Activate the DNA Damage Response Pathway
Cell cycle arrest at G2/M indicates that DNA damage takes place and its repair is required before cells progress into next cycle. To probe whether this is the case in Guo/Liu/Li/Cao/Sun/Cheng/Zhang/Peng/ Liu/Qi/Zhang/Wang/Chen/Lin/Guan/ Zhang/Wen/Wang/Kong/Xu/Zhao PPVY-treated BC cells, we analyzed the expression of γ-H2AX, a DNA damage response marker. As expected, the exposure of HT1197 and J82 cells to PPVY saponins significantly increased the γ-H2AX protein level ( fig.  3A) . We further examined the formation of DNA damage foci by assessing another DNA damage response marker 53BP1. 53BP1 foci were readily detected in PPVY saponin-treated cells but not in control cells by using immunofluorescent staining ( fig. 3B and C) . The observed activation of the DNA damage response pathway indicates that PPVY saponins induce DNA damage in BC cells. 
PPVY Saponin Treatment Leads to Mutant p53 Degradation While Up-Regulation of CDKN1A Expression
The tumor suppressor p53 plays a critical role in DNA damage response, but it is known that both HT1197 and J82 cells harbor mutant p53 [28] . Nevertheless, we determined mutant p53 expression in these 2 cell lines. As expected, both cell lines expressed high basal levels of p53, however, we surprisingly found that PPVY saponin treatment dose-dependently inhibited p53 protein expression ( fig. 4A) . In sharp contrast, a robust up-regulation of CD-KN1A (the p53 target gene) expression was observed in PPVY-treated cells ( fig. 4A ). and pAKT levels while promotes CDKN1A expression. A The mutant p53 and phosphorylated AKT were diminished while CDKN1A expression up-regulated in PPVY saponin-treated BC cells. HT1197 and J82 cells were incubated with different concentrations of PPVY saponins for 24 hours and then analyzed for expression of mutant p53, pAKT and CDKN1A using immunoblotting. B The CDKN1A promoter activity is enhanced by PPVY saponins or the AKT inhibitor LY294002. HT1197 and J82 cells were transfected with the CDKN1A promoter-containing plasmid and then incubated with either PPVY saponins or LY294002. The promoter activity was determined 48 hours post-transfection. C PPVY saponins induce CDKN1A expression much stronger than does LY294002. HT1197 and J82 cells were incubated with either PPVY saponins or LY294002, and analyzed for CDKN1A mRNA and protein expression using qPCR and immunoblotting, respectively. * indicates statistically significant difference.
Guo/Liu/Li/Cao/Sun/Cheng/Zhang/Peng/ Liu/Qi/Zhang/Wang/Chen/Lin/Guan/ Zhang/Wen/Wang/Kong/Xu/Zhao PPVY Saponins Stimulate CDKN1A Gene Transcription We further sought to determine how PPVY saponins promoted CDKN1A expression. For this purpose, the luciferase reporter containing a full-length of the CD-KN1A promoter was transfected into BC cells and cells were then incubated with 1.5 µg/ml PPVY saponins for 48 hours. A robust increase in the CDKN1A promoter activity was seen in cells treated with PPVY saponins (fig. 4B) . Consistently, CDKN1A mRNA expression was significantly up-regulated in those same cells (fig. 4C ). These findings reveal that PPVY saponin-mediated induction of CDKN1A expression occurs at the transcriptional level.
Because previous studies showed that PPVY saponins inhibited the PI3C/AKT signaling, while AKT represses CDKN1A expression. Therefore, we further compared their effect on CDKN1A transcription between PPVY saponins and the PI3C/AKT specific inhibitor LY294002. LY294002 treatment indeed enhanced CDKN1A promoter activity and mRNA/protein expression ( fig. 4B and C), but with much weaker stimulatory effect compared to PPVY saponins.
Discussion
The results presented here demonstrate that PPVY saponins robustly inhibited BC cell growth by blocking the cell cycle at G2/M phase. The concentration of PPVY for IC50 was 2.0 µg/ml during a 24-hour culture period, which is comparable with the effect of cisplatin, a widely used chemotherapeutic drug for the treatment of BC and other types of cancer. Mechanistically, we observed that PPVY saponins activated the DNA damage response pathway, induced the mutant p53 degradation whereas stimulated the transcription of the CDKN1A gene.
One of the key findings in the present study is the PPVY saponin-mediated inhibition of the mutant p53. The tumor suppressor p53 is mutated in more than 50% human malignancies, which inactivates its function, thereby promoting cancer development and progression [29] . However, the recently accumulated evidence has suggested that the mutant p53 acquires gain-of-function, and thereby plays a more active role in oncogenesis [29] [30] [31] [32] . For instance, ETS2 transcription factor tethers mutant rather than wide type 53 to the promoters of its numerous targets and therefore assists mtp53 in the activation of genes critical for oncogenesis [30, 31] . In addition, mutant p53 was also shown to involve the up-regulation of both nucleotide de novo synthesis and nucleoside salvage pathways for cancer cell proliferation [31] . Given the findings above, targeting mutant p53 has been suggested as a novel anti-cancer strategy and obtained results are promising. Based on our present result, PPVY saponins exhibits a strong effect on mutant p53 degradation, and further investigations are required to define the underlying mechanism and to explore their values in targeting mutant p53 for cancer therapy.
Our current finding also reveals a strongly stimulatory effect of PPVY saponins on CDKN1A transcription. p53 is a master regulator of the CDKN1A expression [26] , however, this activity is clearly p53-independent in the present setting, because HT1197 and J82 cells both carry mutant p53 [28] , and moreover, CDKN1A and mutant p53 expression was disassociated in PPVY-treated cells. The PIC3/AKT signalling is known to inhibit CDKN1A expression [33] , while PPVY saponins were previously observed to inhibit phosphorylated AKT in different types of cancer cells [13, 21] . Therefore, it is likely that the PPVY-mediated AKT inhibition derepresses CD-KN1A expression. We similarly observed the diminished phosphorylated AKT in the treated BC cells, however, the specific AKT inhibitor LY294002 did facilitate CD-KN1A transcription and up-regulate its expression, but with a much weaker effect than PPVY saponins. Likely, PPVY saponins induce CDKN1A expression via multiple mechanisms. For instance, the activation of DNA damage response pathway may also stimulate CDKN1A expression in PPVY-treated BC cells.
The up-regulation of γ-H2AX expression and 53BP1 focal formation, together with G2/M arrest in PPVYtreated BC cells demonstrates that DNA damage occurs in these cells. It is currently unclear how PPVY saponins result in DNA damage, and which kinds of damage are induced. PPVY saponins were previously shown to stimulate the production of reactive oxygen species [22] . Thus, further studies are required to define the underlying mechanism, and especially to probe the relationship between DNA damage and PPVY-mediated reactive oxygen species production.
A poor gastrointestinal absorption of PPVY saponins [23, 24] makes their oral administration less efficient for cancer treatment, while intravenous injection is inconvenient and costive, and importantly, may cause complications. All these disadvantages likely limit their clinical application. However, intravesical instillations are routinely performed to treat BC patients, and directly local administration of PPVY saponins via this approach provides a good solution.
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In summary, here we show that PPVY saponins mediate potent inhibition of BC cell growth by triggering DNA damage, blocking cells at G2/M phase, targeting mutant p53 for degradation and stimulating CDKN1A expression. Further studies are required to define these activities in detail using different BC model systems, and more importantly, the therapeutic potential of PPVY saponins via intravesical instillations should be investigated and evaluated.
